Transradial intervention (TRI) shows anatomical and technical differences between the right radial approach (RRA) and left radial approach (LRA). The aim of this study was to evaluate the efficacy and safety using LRA, compared with RRA. Materials and Methods: A total of 1653 consecutive patients who underwent TRI from November 2004 to October 2010 were enrolled in the Korean multicenter TRI registry. The patients were divided into two groups: the RRA group (n=792 patients) and the LRA group (n=861 patients). To adjust for any potential confounders, propensity score matched (PSM) analysis was performed (C-statistic: 0.726). After PSM, a total of 1100 patients were enrolled for analysis. Results: After PSM, the RRA group exhibited a larger contrast volume (259.3±119.6 mL vs. 227.0±90.7 mL, p<0.001), a longer fluoroscopic time (22.5±28.0 minutes vs. 17.1±12.6 minutes) and higher access site change (12.3% vs. 1.0%, p<0.001) than the LRA group. Meanwhile, the LRA group showed a shorter procedure time (49.2±30.4 minutes vs. 55.4±28.7 minutes, p=0.003) than the RRA group. After PSM, in-hospital complications and 12-month cumulative clinical outcomes were similar between the two groups. Conclusion: Of the two TRI methods, LRA was associated with better procedural efficacy, including shorter procedural time, smaller contrast volume, and less access site change than RRA. However, both methods showed similar 12-month cumulative clinical outcomes. Therefore, LRA was deemed superior to RRA in terms of procedural feasibility without a significant difference in clinical outcomes.
INTRODUCTION
The transradial intervention (TRI) has several advantages, such as reduction of bleeding risk, improvement of patients' convenience, and immediate ambulation, as compared with transfemoral intervention (TFI). 1 However, the TRI is associated with longer learning curve 2 and increased fluoroscopy time, compared with TFI. 3 In TRI, there are some anatomical and technical differences between the right radial approach (RRA) and the left radial approach (LRA). 4, 5 The aim of this study was to evaluate the impact of the choice of the RRA or the LRA on procedural and in hospital complications, as well as 12-month clinical outcomes, in patients undergoing TRI.
MATERIALS AND METHODS

Study population
The Korean TRI registry was used for this retrospective, observational study. A total of 1653 consecutive patients of 12 cen- , and Junghan Yoon ters were enrolled in this study between November 2004 to October 2010. Patients were divided into two groups: the RRA group (n=792 patients) and the LRA group (n=861 patients). Since the baseline characteristics between two groups were not matched due to adjust potential confounders, propensity score matched (PSM) analysis was performed using a logistic regression model. After PSM, a total of 1100 patients were enrolled for this analysis. Detailed data on demographics, medical history, coronary anatomy, procedural process, procedural events, pharmacotherapy, and clinical outcomes from the index procedure were collected using a standardized reporting form. This study received approval from each Institutional Review Board. 6 
Comparison of Clinical Outcomes between the
Study outcomes
We accessed clinical outcomes and safety outcomes at 12 months after the index procedure, which were determined before the registry was started. 6 Clinical outcomes were major adverse cardiac events (MACE), composed of all-cause mortality, myocardial infarction (MI), target vessel revascularization (TVR), and stroke. All-cause mortality consisted of cardiac and noncardiac deaths. MI was defined as a creatine kinase value of >three times the upper normal limit. TVR was defined as any repeated previous percutaneous coronary intervention (PCI) or bypass surgery of any segment of the target vessel. Stroke was defined as a clinical neurologic deficit from hemorrhagic or ischemic neurologic insult. The safety outcomes were based on the rate of major bleeding. Major bleeding was defined as one of the following: bleeding requiring transfusion of >2 units of packed cells or bleeding that was fatal. 7 Fatal bleeding included the following: intracranial bleeding, one that brought about reduction in the hemoglobin level of >5 g/dL or led to substantial hypotension requiring the use of intravenous inotropic agents, one that required surgical intervention, or one that required transfusion of >4 units of packed cells. 8 Vascular access related bleeding was defined as one that was related to surgical or procedural interventions, such as access artery dissection, perforation, arteriovenous fistula, pseudoaneurysm or local hematoma requiring transfusion.
Statistics
The covariates that were adjusted for exposure to approach artery included age, gender, hypertension, diabetes mellitus, dyslipidemia, smoking, previous MI, previous coronary artery bypass graft (CABG), PCI, chronic heart failure and previous cerebrovascular accidents (CVAs), chronic kidney disease, number of treated vessels, treated vessels [left descending artery, left circumflex, right coronary artery (RCA), left main, ramus], lesion characteristics (type B2 or C, bifurcation, diffuse, calcification), used drug-eluting stents type (sirolimus-eluting, paclitaxel-eluting, zotarolimus-eluting, everolimus-eluting), overlap stenting and in-hospital medication treatments (aspirin, clopidogrel, cilostazol, beta-blockers, angiotensin converting enzyme inhibitors or angiotensin II receptor blockers, and statins). The C-statistic for the logistic regression model that was used to calculate the propensity score matching for the two groups was 0.726. After PSM, the baseline covariates were compared between the two groups. Various clinical outcomes at 1 year were estimated with the Kaplan-Meier method, and differences between groups were compared with the log-rank test in the PSM patients. 
RESULTS
The baseline clinical characteristics of these patients are given in Table 1 . After PSM, the baseline clinical characteristics were balanced between the two groups, except the RRA group had higher B-type natriuretic peptide (326.1±840.3 pg/mL vs. 173.4± 553.0 pg/mL, p=0.010) ( Table 1 ). The baseline angiographic and procedural characteristics are given in Table 2 . After PSM, the baseline angiographic and procedural characteristics were balanced between the two groups, except the RRA group had larger contrast volume (259.3±119.6 mL vs. 227.0±90.7 mL, p<0.001) and longer fluoroscopic time (22.5±28.0 minutes vs. 17.1±12.6 minutes, p=0.005) during procedure, compared with the LRA group. The procedural and in-hospital complications are given in Table 3 . After PSM, the RRA group had higher chance of access site change (12.3% vs. 1.0%, p<0.001) than the LRA group. However, procedural complications, including acute thrombosis, dissection, distal embolization, perforation, and side branch occlusion, were similar between the two groups. Access site complications, including hematoma, and in-hospital complication, including cardiogenic shock, acute renal failure, gastrointestinal bleeding, and contrast induced nephropathy, were similar between the two groups. The cumulative clinical outcomes up to 12 months are given in Table  4 . After PSM, the cumulative clinical outcomes up to 12 months, including mortality, recurrent MI, repeat revascularization, stent thrombosis, and MACE, were similar between the two groups. However, the RRA group showed a numerically higher incidence of CVA than the LRA group, although the difference between the two groups did not reach statistical significance in-hospital (0.5% vs. 0.1%, p=0.624) and up to 12 months (1.1% vs. 0.2%, p=0.124).
DISCUSSION
The TRI has reduced risk of major bleeding, improved patient comfort and convenience, and reduce inpatient time and costs, compared with TFI. 9, 10 In TRI, there are clear differences in techniques, advantages, and disadvantages for the RRA and the LRA. The RRA allows for the operator to stand on the right side and has good backup force for left coronary artery. However, the RRA has poor back up force for the RCA, and it is not adequate for post CABG patients and subclavian artery tortuosity. The LRA is easy to negotiate around the arch and has good back up force for RCA. However, arm positioning of the LRA is challenging in some cases, such obese patients. 11, 12 A previous study reported that the LRA is associated with a shorter learning curve, compared to the RRA. 11 In this study, we compared the baseline procedural characteristics between the RRA and the LRA groups using PSM analysis. RRA had larger contrast volume (259.3±119.6 mL vs. 227.0± 90.7 mL, p<0.001) and longer In this study, the RRA group had higher chance of access site change (12.3% vs. 1.0%, p<0.001), which seems to be due to difficulty in catheter manipulation, which is particularly troublesome for operators with less experience. However, procedural complications, including acute thrombosis, dissection, distal embolization, perforation, and side branch occlusion, were similar between the two groups. Also access site complications, including hematoma, and in-hospital complication, including cardiogenic shock, acute renal failure, gastrointestinal bleeding, and contrast induced nephropathy, were similar between the two groups. Therefore, we suggest that although RRA had larger contrast volume and longer fluoroscopic time during procedure, compared with LRA, both are safe and effective treatments.
In this study, after PSM, the mortality, recurrent MI, repeat revascularization, stent thrombosis, and MACE, were similar between the two groups. However, although the incidence of CVA (stroke and transient ischemic attacks) was numerically higher in the RRA group, compared to the LRA group, it was not statistically significant in-hospital (0.5% vs. 0.1%, p=0.624) and up to 12 months (1.1% vs. 0.2%, p=0.124).
In RRA, catheters have to pass the opening of the right brachiocephalic artery and bend sharply into the ascending aorta, which may disrupt atherosclerotic plaques with subsequent embolization. 13 Also, the longer duration of angiography with RRA contribute an additional embolic source, compared with LRA. 13, 14 Stroke event rates in the general population were 0.4%, and similar results have also been obtained in previous studies where the trans-femoral approach was used: Fuchs, et al. 15 reported a stroke event rate of 0.38%. A similar stroke rate was observed in the reports from Emory University (0.05-0.38%) 16 and the Cleveland Clinic (0.3%). 17 Lund, et al. 14 reported that TRI generated significantly more particulate microemboli than TFI. Therefore, in the present study, we suggest that the choice of the LRA may be helpful to reduce the incidence of CVA during TRI.
The present study has several limitations. First, the present study was an observational study and was multicenter based retrospective in design. Because of the design of this study, a cause-result relationship was not established. Second, because this study was not randomized, the operator or center can act as a bias to analyze outcomes of this study. Procedure time, amount of contrast media, and even CVA complication rate could be quite different per operator or center. However, unfortunately, the distributions of RRA and LRA per center were not analyzed, and center or operator factor cannot be ruled out. Therefore, in a future study on the approaching method of PCI, center or operator factors must be mentioned.
In reality, there are some obstacles to performing LRA PCI, because it is difficult for operators to puncture the LRA from the right side of the patient, especially if the patient is obese. Further, the left arm should be abducted to the greatest possible extent towards the operator and placed on a comfortable support for operator's convenience. Therefore, if a craterization room can be set up for operator to be standing on the left side of the patient, LRA could be considered much easier.
In conclusion, while procedural efficacy, including procedural time and contrast volume, were increased and vascular access site change was more frequent in RRA, the incidence of procedural, in-hospital complications, and cumulative clinical outcomes up to 12 months were similar between the two procedures. Therefore, we suggest that LRA seems to be more effective vascular access route than RRA for TRI, although the safety of the two is similar, at least for 12 months.
